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ABSTRACT
Sailfin molly males, Poecilia latipinna, form three 
distinct classes: Sneaky males, Intermediate males, and
High males- Class members can be defined by body size, color, 
fin size and position, and reproductive behavior. In 1975, 
Constantz described Sneaky males in Foeciliopsis occidentalis 
and, in 1936, Hubbs characterized High males in Poecilia. 
Intermediate males have not been described previously. In 
Poecilia latipinna Sneaky males are similar to females in 
color, size, and general body proportions. The dorsal fin 
originates behind the pelvic-fin origin and is no longer than 
that of females. High males have breeding colors of gold, 
blue, and black on the body and caudal and dorsal fins. They 
are large with a disproportionately enlarged dorsal fin that 
arises over the pectoral-fin origin and, when depressed, ex­
tends onto the caudal fin. Intermediate males form the most 
variable class. They lie between the other two classes in 
all measures. They have less color than High males but more 
than Sneaky males. Generally larger males have more color.
The dorsal fin, which begins between the pectoral and pelvic 
fins, is slightly enlarged but does not reach the caudal fin 
when depressed. Eight morphometric and meristic characters 
account for 96 percent of the variability in each class.
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Since poeciliid males cease growth at maturity, class differ­
ences are due to differential growth of immature fish.
Males exhibit nine reproductive behaviors: Orientation,
Following, Low Side Display, Side Display, Sigmoid Display, 
Jerking, Anal Nibbling, Thrusting, and Copulation. Behavior 
of.males in each class is similar except that Sneaky males do 
not display and Intermediate males display only rarely. High 
males, which display frequently, are the only males to exhibit 
Sigmoid Display in the laboratory. The most common behavior 
in the laboratory is Anal Nibbling and Thrust. In field 
observations, Displays are the most frequent reproductive 
behavior of High and large Intermediate males. Sneaky males 
and smaller Intermediate males do not display.
Interrelationships between color, fin enlargement, 
reproductive behavior, dominance, and microhabitat are dis­
cussed in terms of reproductive strategies for the male 
classes. Small males are subordinate and tend to occupy 
peripheral areas from where they make short dashes after 
females. These males attempt copulation without courting 
the females. The presence of bright colors and displays in 
small males would attract larger males who would displace 
them from females. Large, brightly colored males perform 
Displays which probably increase female receptivity. These 
fish occupy central areas of the habitat and drive smaller 
males away from females. A hypothesis for the maintenance
of both strategies in a population by sexual selection is
viii
explored. The hypothesis suggests that the relative con­
tribution of survival and investment in reproduction to the 
fitness of the male classes maintains the two stable behavior 
patterns seen in High and Sneaky males and.the variable 
pattern in Intermediate males.
Population structure of sailfin mollies in both fresh 
and salt waters was determined from preserved specimens 
deposited in museums at the Louisiana State University and 
Tulane University. Based on collections made from 19 47 to 
197 9, females are always more numerous than males. Sneaky 
males are present all year in large numbers in both fresh 
and salt waters. Intermediate males are present all year in 
small numbers with two maxima, midsummer and winter in fresh­
water and early spring and fall in saltwater. High males 
are present only in small numbers in spring in freshwater 
and in spring and summer in saltwater.
A  model incorporating social inhibition of maturation 
with genetic control of age of maturation is suggested to 
explain seasonal fluctuations and the variability in size 
and color of the male classes.
INTRODUCTION
The family Poeciliidae is one of seven families of the 
order Cyprinodontiformes. All but one of the approximately 
150 species are livebearers (Rosen and Bailey, 1963); conse­
quently, they require internal fertilization which is 
achieved by the modified male anal fin, the gonopodium.
The poeciliids inhabit the fresh, brackish, and salt 
waters of the West Indies and Middle and North Americas, 
where they are one of the most common occupants of tropical 
aquatic ecosystems. Their ability to inhabit a wide di­
versity of habitats may be partly due to the fact that a 
viviparous mode of reproduction provides protection for the 
young until they can provide for themselves and allows one 
pregnant female to colonize a new area.
One of the most widespread poeciliids is Poecilia 
latipinna which inhabits coastal areas from southeastern 
North Carolina to Yucatan (Hubbs, 1936). The sailfin molly, 
as it is commonly called, derives its name from the greatly 
enlarged dorsal fin in large, brightly colored males. Hubbs 
(1936), who termed these High males, was the first to recog­
nize that not all mature males in a population have the sail­
like dorsal fin. In fact, High males are usually rare in 
populations; two other classes of males, the Intermediate 
and Sneaky males, are more common (Fig. 1). Intermediate 
males are smaller with less color than High males and their
Figure 1. Relative Size and Fin Position of the Male 
Classes in Poecilia latipinna. A. Sneaky 
Male B. Intermediate Male C. High Male
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dorsal fin is only slightly enlarged. Sneaky males lack 
breeding colors and are the smallest males with short dorsal 
fins similar to those of females. The term Sneaky males was 
first used by Constantz (1975) to describe the reproductive 
behavior of similar males in Poeciliopsis occidentalis; 
these males attempt to mate quickly without preliminary 
courtship. The classes are distinct morphs and do not 
represent ontogenetic stages of the same males since 
poeciliid males virtually cease growth at maturity (Turner,
19 41; Kaliman and Schreibman, 197 3).
In poeciliids, as in other vertebrates, size, dominance 
status, and reproductive success are positively correlated 
(McKay, 1971; Gandolfi, 1971; Baird, 1974). Sneaky males 
with their small size probably have little chance of 
successfully mating and yet they are common in P. latipinna 
populations. The selective advantages maintaining this 
polymorphism are not known. Previous studies of sailfin 
males have failed to consider differences in the male classes 
(Baird, 19 74; Hubbs, 1964; Simanek, 19 7 8a, 1978b).
The following study was undertaken to describe the 
polymorphism in Poecilia latipinna males and to determine 
its biological significance. The classes of males were 
delimited by proportional measurements and vertebral and 
fin ray counts. Male reproductive behavior, which was 
observed in the field and laboratory, was used in conjunc­
tion with morphology to further define the classes. Field
observations indicated that the proportion of High males 
varied widely throughout the year. Preserved collections 
were examined to describe the seasonality and amplitude of 
these fluctuations.
METHODS AND MATERIALS
Poecilia latipinna, collected on the Louisiana State 
University campus and Experimental Farms and from tidal pools 
on Grand Isle,„Louisiana, were used in all aspects of this 
research. Preserved collections from each locality were 
deposited in the LSU Museum of Zoology: LSUMZ 2361, 2362,
2363, 2364, 2365, 2366, 2367, 2368, 2369, 2370, 2371, 2372,
2373, 2374, 2375, 2376, 2377, 2378, 2379, 2380, 2381, 2383.
Other collections from the LSU Museum of Zoology and Tulane 
University Museum of Natural History were also examined:
LSUMZ 191, 292, 307, 345, 360, 372, 465, 585, 666, 743, 802, 
818, 825, 835, 869, 880, 922, 943, 968, 977, 986, 1051, 1070, 
1077, 1098, 1115, 1188, 1211, 1239, 1385, 1415, 1485, 1511,
1608, 1625, 1807, 1817, 1818, 1819, 1820, 1821, 1822, 1823;
TUll, 253, 262, 894, 929, 1198, 1305, 1313, 1387, 1403,
1410, 1474, 1479, 1489, 1509, 2090, 2162, 2215, 2352, 3136,
3764, 5907, 6992, 7284, 7642, 8278, 8479, 8557, 9808, 9829,
9924, 11227, 11231, 11235, 11256, 11402, 11419, 11421,
11445, 11443, 11449, 11520, 11525, 12406, 12559, 14260
14464, 14516, 14857, 14885, 14900, 15307, 15058, 15315
15319, 15330, 15518, 16638, 17312, 17816, 17844 , 18110
18134, 18188, 18222, 18379, 18460, 19043, 19155, 19961
20008, 20585, 20954, 21397, 21419, 21504, 21628, 21724
21826, 21918, 22191, 22331, 22340, 22785, 23205, 24276
24614, 28218, 33855, 34889, 34905, 36075, 36136, 36378
37136, 37194, 37197, 37210, 37815, 39871, 39946, 40563
40579, 41066, 41171, 41207, 41372, 41388, 41578, 41596
42450, 43572, 43813, 44223, 44266, 44368, 44594, 44623
44888, 44971, 45205, 45262, 45340, 45760, 45839, 45358
46068, 46124, 46167, 46174, 46415, 46299, 46320, 46367
46214, 46770, 46890, 47180, 47753, 47789 , 47861, 49905
56503, 61017, 61703, 62082, 63028, 63074, 63143, 68328
69409, 69619, 69932, 71214, 71240, 71247, 71392, 71998
72151, 73397, 73441, 74659, 74668, 76145, 76316, 76336
76636, 76574, 76778, 76785, 77498, 77511, 77522, 77538
77547, 77583, 77589, 77596, 77689, 77812, 77900, 77957
77970, 78021, 78679 , 81775, 81786, 85525, 86270, 92101
92115, 96877, 100000 , 100929 , 100938, 100960, 100980,
102387, 105494, 107354, 107416, 107486, and 107514.
Morphometries.— Measurements of fin and body proportions 
were made with procedures standardized by Miller (1948). 
Vertebral counts and the angle formed by the vertebral 
column and the first dorsal-fin pterygiophore were determined 
from radiographs. The various vertebral counts are defined 
as: total vertebrae - all vertebrae not including the
hypural complex; predorsal vertebrae - all vertebrae anterior 
to the first dorsal-fin pterygiophore; subdorsal vertebrae - 
number of vertebrae with dorsal-fin pterygiophores, minus the 
last one, dorsal to them; prepelvic vertebrae- number of verte 
brae anterior to the first pelvic-fin ray; pregonopodial verte
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brae - number of vertebrae anterior to the first anal-fin 
ray; and number of vertebrae between the pelvic fin and
gonopodium - vertebrae between the first anal-fin ray 
and the first pelvic-fin ray.
Population Data.— Seasonal fluctuations in the number of 
mollies and in males of each class were noted while collect­
ing on the LSU campus and Experimental Farms. These fluctu­
ations were examined by counting the females, immature males, 
and males of each class in preserved collections and deter­
mining the monthly percents of each. The collections from
both salt and fresh waters, were made from October, 1947, 
to June, 1979. Standard lengths of immature males were
measured. Small fish without gonopodial development were 
counted as females even though they may have been juvenile 
males; this inflated the percent of females.
Reproductive Behavior.— Behavior associated with reproduction 
was determined by observing males in the laboratory. To 
determine if laboratory observations were reliable indicators 
of behavior under natural conditions, freshwater and marine 
populations of sailfins were also observed. Visibility of 
the water and male motility dictated that a male could be 
watched for only short periods of time.
Patterns of behavior were quantified by observing males 
in 19-liter freshwater aquaria after introducing three or
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four females. Each male was observed for a total of 50 
minutes in four tests distributed across the day to control 
for circadian variability in behavior. Ten males of each 
class were tested. They were housed singly for the 24 hours 
preceding each test period. The possibility that a male's 
behavior would be altered by another male's presence was 
explored by using the same procedure except that the ex­
perimental male was observed after being placed in an 
aquarium containing three to four females and a larger High 
male.
Since testosterone has been implicated as influencing 
the reproductive behavior of many animals (Wilson, 19 75), 
its effects were investigated by adding 5.04x10  ̂g. of 
testosterone proprionate to a male's tank in eight doses 
every other day (van den Hurk and van de Kant, 1975). Four 
days after treatment ended these males were observed for 
three 10-minute tests as above. Testing began by placing 
the male in a 19-liter freshwater aquarium with three to 
four females. Between tests, males were isolated in 9.5- 
liter aquaria.
Sperm transfer tests were performed (Clark et al., 1954} 
to ascertain if the behavior labeled copulation actually 
resulted in insemination.
RESULTS
Description of Females, Immature Males, and. the 
Mature Male Classes (Tables 1 and 2; Figs. 1, 2 and 3)
Increased size, elongation and anterior displacement of 
the dorsal fin, and an increase in color with size are the 
most reliable characters for separating the male classes. 
Although males and females form continue of size, color, and 
fin size and position, they can be classified by a combination 
of these characters. Females, of course, lack gonopodia; 
immature males can also be defined on the basis of gonopodial 
characters (Cummings, 1943).
Females are described first since they are more numerous 
than males (see page 24). Also they are very similar to 
immature males. Consequently, when they are young all males 
resemble females.
Females.— Females in this study are most similar in size to 
Intermediate males (Tables 1 and 2; Figs. 1 and 2). Typi­
cally, females are a pale green with black lateral stripes 
becoming fainter toward the countershaded venter. The dorsal 
fin has rows of black spots and the caudal-fin border may 
be darkened. The other fins have little or no color and 
appear transparent. Size and position of the female dorsal 
fin are significantly different from all males but are most 
like immature males'. The dorsal fin originates behind 
the pelvic-fin origin and inserts anteriorly to the distal
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Table 1. Body and Fin Proportions as Percent Standard 
Length and Dorsal Fin-Ray Count in Females, 
Immature Males, and Mature Males of Each Class 
Poecilia latipinna. Mean and standard 
deviation above; range in parentheses. 
Significance levels: *P<0.05, **P< 0.001.
Females Immature
Males
No. Specimens 66 32
Standard Length 36.6-8.1
(18.0-55.5)
* * 27.5-7.1 
(16,0-44.0)











* * 27.4-5.3 
(16.3-42.9)
Dorsal-Fin 















* 26.2-4 . 3 
(18.4-32.0)
Gonopodium Length ---- 27.5-5,3 
(18.9-40.2)








27.9-5.2 ** 38.8-5.4 ** 50.5-6.2
(19.5-41.5) (31.5-50.3) (41.5-60.5)
13.2-0.9 13.3-0.7 * 13.7-0.8
(11-15) (12-15) (13-16)
44.6-3.2 ** 39.7-2.7 ** 33.3±3.4
(37.9-52.4) (36.5-44.4) (29.2-45,4)
28.5-2.3 ** 34.9^2,6 ** 42.7-2.7
(22,8-34.8) (29.4-41,1) (35.5-48.2)




19.7-3.2 * 21,4-1.6 * 23.2^1.2
(15.4-35.5) (17.6-24.3) (21.1-26.4)
26.5-2.1 ** 28.8^1.4 * 30.6^2.6
(22.7-31.4) (25.2-32.1) (25.4-36.0)




Table 2. Vertebral Counts and the Angle of the First Dorsal- 
Fin Pterygiophore for Females, Immature Males, 
and Mature Males of Each Class in Poecilia 
latipinna. Mean and standard deviation above; 
range in parentheses. Significance levels:
*P< 0.05, **P < 0.001.
Females
N 42
Total Vertebrae 28.1 - 0.5
(27-29)
Predorsal Verte- 6.1 - 0.5 
brae (5-7)
Subdorsal Verte- 9.6 - 0.6 
brae (8-11)
Prepelvic Verte- 7.6 - 0.7 
brae (6-10)
Pregonopodial 13.9 - 0.8
Vertebrae (12-15)
+Vertebrae between 6.2 - 0.8 
P2 and A (5-8)





28.1 ±  0.5 
(27-29)
6.1 ~  0.6 
(5-7)
* 8.7 ± 2.6
(9-10)
* 6.4 ± 1.5
(5-8)
* 11.0 -  2.3
(10-13)
* 4.6 ± 1.2
(3-6)
*104.2 -  32.1 
(91-134)








28.0 ± 0.5 
(27-29)
6.0 ±  0.3 *
(5-7)
9.6 -  0.6 
(8-10)
6.2 ± 0.9 
(5-8)
9.6 - 0.9 
(8-12)
3.3 - 0.5 
(3-4)
89.8 -  18.2 * 
(55-117)
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28.0 - 0.7 
(27-29)
5.7 ± 0.5 * 
(5-6)
10.1 ±  0.7 * 
(9-11)
6.5 ± 1.2 
(5-9)
9.7 - 1.2 
(8-12)
3.1 ± 0.7 
(2-4)
68.9 ~  14.9 * 
(46-91)
28.0 ±  0.3 
(27-29)
5.3 - 0.5 
(5-6)
11.0 - 0.7 
(10-12)
6.6 ±  1.7 
(5-8)
9.4 ± 2.2 
(8-11)
2.8 - 0.9 
(2-4)
38.3 - 10.1 
(25-70)
Figure 2 Relative Size and Fin Position of A. High Male 
B. Intermediate Male C. Sneaky Male D. 
Immature Male E. Female. Drawn to scale.
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end of the anal fin. When depressed/ the dorsal fin extends 
less than one-fourth the length of the caudal peduncle.
Even though it has a proportionally shorter base, the female 
dorsal fin has as many fin rays and as many subdorsal verte­
brae as do Intermediate males. The pelvic, anal, and 
dorsal fins are all significantly more posterior, the caudal 
fin is shorter, and the caudal peduncle is less deep than in 
males.
Immature males.— Immature males vary in size from 16.0 mm to
44.0 mm SL. They resemble the females in color and in 
location of the dorsal-fin origin and insertion. Their 
dorsal fin is significantly farther back on the body and 
shorter than that of mature males.
Sneaky males.— Sneaky males have the same colors as females
except that they, and other mature males, have five to nine
black lateral bars which vary in intensity. They also 
resemble the females and immature males in position and size 
of the dorsal fin and in general body proportions. In Sneaky
males, the dorsal fin originates over or behind the pelvic
fins; when depressed, it extends over two-thirds the length of 
the caudal peduncle. The decrease in predorsal length and in­
crease in basal length over females shows anterior displace­
ment of the dorsal-fin origin. However, compared to those of 
other mature males, their dorsal fin is located more caudad 
and is shorter as measured by both dorsal-fin basal and
13
depressed lengths. Their caudal fin is also proportionally 
shorter than other mature males'. Sneaky males have the 
longest gonopodium as percent of standard length; Constantz 
(1975) reported a similar finding in Poeciliopsis occi- 
dentalis.
Intermediate males.— Intermediate males form the most 
variable class. Small Intermediate males have little more 
color than Sneaky males while large Intermediates may be as 
brightly patterned as High males. Their dorsal fin ori­
ginates as far forward as immediately posterior to the 
pectoral-fin origin to over the pelvic-fin origin. When 
depressed, the fin-rays end along the last third of the 
caudal peduncle. Compared to that of Sneaky males, the 
dorsal fin of Intermediate males is longer, has more dorsal- 
fin rays, and its origin is more cephalad. The caudal fin is 
significantly longer, wider, and more fanshaped than1in 
females or Sneaky males. The increased caudal-peduncle 
depth may be due to a greater muscle mass for support of 
the longer caudal fin.
High males.— High males are the largest and have elaborate 
breeding colors of a gold head and operculum, blue to 
greenish-blue iridescent body with black stripes, a dorsal 
fin with a black anterior border, gold dorsal border, and 
the distal row of spots elongate to form ellipses, a caudal 
fin bordered in black with a central orange spot and 
iridescent blue above and below the orange, and spots present 
in the dorsal blue region of the caudal fin.
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By all measurements, High males have the largest dorsal 
fin. It originates most cephalad, has the longest base, and 
extends onto the caudal fin when depressed. Its origin is 
over the pectoral fins. Compared to females and other 
males, High males1 caudal fin'is longer and more fan-like 
and their caudal peduncle deeper. Consequently, they 
appear less tapered than other mature sailfin males. 
Differences in Fin Sizes and Positions.— These data show 
not only three morphologically distinct classes of mature 
males but also trends in the relationships and proportions 
of various body structures from Sneaky to High males. The 
most obvious trends are elongation and anterior displacement 
of the dorsal fin and an increase in color with si2e.
Anterior displacement of the dorsal fin from Sneaky to High 
males is shown by the decrease in predorsal length and number 
of predorsal vertebrae and by the change of dorsal fin 
position in relation to the pectoral and pelvic fins (Fig.
2). Simanek (1978a) stated that, in sailfin mollies, the 
pelvic fin moves anteriorly in the male classes; this move­
ment would make the dorsal fin appear farther forward. How­
ever, prepelvic vertebral counts clearly show that within 
the males, the pelvic fin does not move (Table 2).
Progressive lengthening of the dorsal fin is shown by 
an increase in dorsal-fin basal and depressed lengths, in 
number of subdorsal vertebrae, and in number of dorsal-fin 
rays, by anterior and posterior movement of the dorsal-fin
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origin and insertion respectively, and by the posterior 
extent of the depressed dorsal fin.
The change in the angle of the first pterygiophore also
shows that the dorsal-fin origin moves forward. In females
the vertebrae and first pterygiophore form an obtuse angle
(x=120.8) whereas in High males the angle is acute (x=38.3).
(Fig. 3). The progressive decrease in this angle from
Sneaky to High males indicates that the anterior dorsal-
fin rays and parts of the pterygiophores with which they
articulate shift position during growth while the proximal
ends do not. This shift may be due to muscle attachments
holding the proximate radial in place or pulling the fin-ray
base forward. Standard length and the forward extent of
the dorsal fin are positively correlated in males. Since
the angle does not change with size in females, the
anterior movement of the dorsal-fin origin occurs only in 
males.
Unlike the dorsal fin, the pelvic and anal fins of 
mature males do not move with respect to the vertebrae since 
the number of prepelvic and pregonopodial vertebrae do not 
differ between the male classes. However, the pelvic and 
anal fins of females are more caudad and farther apart than 
in males. The anterior shift and close association of these 
two fins in males may be for support of the gonopodium 
{Rosen and Gordon, 1961).
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Figure 3. Schematic Diagram of the Angle of the First Six 
Dorsal-Fin Pterygiophores in Females, Immature 
Males, and Mature Males of Each Class in 
Poecilia latipinna. The figures are drawn 
from radiographs of the following animals: 
female-LSUMZ 380, #2; immature male-LSUMZ 1608, 
#4; Sneaky male-LSUMZ 2377, #46; Intermediate 
male-LSUMZ 2375, #37; High male-LSUMZ 2370,
#1.
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The discussion above details directional progression 
from Sneaky males to High males in the size and position 
of the dorsal fin, in standard length, and in the relation­
ship of the pelvic and anal fins. These changes are 
associated with juvenile growth since, as mentioned above, 
poeciliid males grow little after sexual maturity (Turner, 
1941; Pickford and Atz, 1957).
Ninety-six (96) percent of the variability within High 
males and 97 percent within Intermediate males and Sneaky 
males is accounted for by standard length, number of dorsal- 
fin ravs, dorsal-fin basal and depressed lengths, predorsal 
length, caudal-peduncle depth, caudal-fin length, and 
gonopodium length. Therefore, the male classes described 
are accurately defined by these morphological characters.
An Alternative Classification System.— Simanek (1978b) also 
proposed three classes for sailfin males: 1. Mature males—
have the gonopodium completely formed but no secondary 
characters acquired, 2. Transformed Mature males— possess 
one or more secondary sex characters; filamentous second 
ray of the pelvic fins and anteriorly displaced pelvic 
girdle, and 3. Dominant Mature males— have a full suite of 
secondary sexual characters with dorsal rays reaching the 
caudal-fin base. Dominant Mature males appear to be similar 
to High males. Simanek distinguishes Mature males and 
Transformed Mature males by elongation of the pelvic-fin
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second ray and anterior displacement of the pelvic girdle. 
Counts of prepelvic and pregonopodial vertebrae {Table 2) 
showed that the pelvic girdle is supported by the same 
vertebrae in all male classes and is not displaced. In 
this study, the second pelvie-fin ray was long in 
all mature but not immature males. Baird (1974) found 
pelvic fin-ray elongation in all mature males he examined.
The term Transformed Mature males suggests that males are 
originally Mature males and change. Simanek presents no 
evidence attesting to the supposed transformation. Simanek's 
classification and terminology were not adopted because 
his criteria are unreliable. Also the terminology used 
here is more descriptive and has priority (Hubbs, 1936; 
Constants, 1975).
Population Structure 
(Figs. 4, 5, and 6)
The average sex ratio is 1cT:2,29£ for freshwater and 
Icf: 3.0<jg for saltwater. Females average three-fourths of 
the populations and comprise a majority in all months. 
August's peak of females in both populations is probably 
due to the cumulative addition of young of the year through­
out the summer. The subsequent decline may be due to a 
larger percent of immatures in the samples or may reflect 
females dying at the end of their breeding season. Female 
Gambusia affinis that matured in spring and early summer died
Figure 4. Monthly Percent of Females and Juveniles,
Immature Males, and Mature Males of Each Clas 
of Poecilia latipinna from Freshwater Popu­
lations. Females graphed as percent of sampl 
male classes and immature males graphed as 
percent of males.
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Figure 5. Monthly Percent of Females and Juveniles,
Immature Males, and Mature Males of Each Class 
of Poecilia latipinna from Saltwater Popu­
lations. Females graphed as percent of sample; 
immature males and male classes graphed as 
percent of males.
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Figure 6 Sizes of Immature Males of Poecilia latipinna 
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in autumn at the end of their breeding season (Krumholz,
1948). The large number of immature males in September 
reflects the 30-day gestation period following the August 
peak of females.
Abundances of the male classes fluctuate seasonally 
with similar, but asynchronous, peaks in fresh and salt- 
waters. High males occur in small numbers in spring and 
summer in saltwater and spring in freshwater. A few High 
males may occur at other times of the year. Intermediate 
males exhibit two yearly maxima, in midsummer and winter in 
freshwater populations and in early spring and fall in salt­
water. Sneaky males are most numerous in late winter, mid­
summer, and late fall in both populations.
Reproductive Behavior 
Description of Male Reproductive Behavior.— Nine male 
behaviors are associated with mating: Orientation, Following,
Anal Nibbling, Thrust, Low Side Display, Side Display, Sigmoid 
Display, Copulation, and Jerks. Male reproductive behavior 
can be conveniently grouped into the three phases described 
by Liley (1966) for four other species of Poecilia:
1. Orientation Phase. The active orientation of 
the male with respect to the female.
2. Display Phase. These behaviors include specialized, 
species-typical, stereotyped movements about the 
female, usually involving the fins and body in 
special postures.
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3. Contact Movements- Behavior in which the male 
makes or attempts to make snout or gonopodial 
contact with the genital pore region of the female. 
Orientation Phase.— The Orientation Phase includes the 
behaviors Orientation and Following, Before 'actual court­
ship can begin, the male orients to the female. The 
male usually does this by turning toward the female. If 
the female is stationary, the male is frequently tilted with 
its snout pointed down. If the female moves, the male may 
then Follow by swimming beside or slightly behind her and 
matching her speed and movements. Most often the male takes 
a position beside the female with his snout at the level of 
her anal fin. Depending on the swimming speed, the male's 
dorsal fin may be erect to collapsed. Following in Poecilia 
reticulata, P. picta., P. parae, P. vivipara (Liley, 1966) 
and P. latipinna is similar except that the latter rarely 
Follow the female from above.
Display Phase.--Included in the Display Phase are 'the be­
haviors Low Side Display, Side Display, Sigmoid Display, and 
Jerks. During Side Display both fish are in the same 
horizontal plane with the male broadside to the female and 
in front of or beside her. The male's body is not curved, 
the dorsal fin is fully erect, the caudal fin expanded, and 
the pelvic fins frequently held at a 4 5° angle to the body 
(Fig. 7). The pectorals are moved to maintain position.
Low Side Display differs only in that the first few dorsal-
Figure 7
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Dorsal and Lateral Views of a High Male Dis­
playing. A. Low Side Display. B. Side Dis­
play. C. Sigmoid Display.
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fin-rays are not held upright, the caudal fin is variously 
expanded, and the pelvic fins are held in the normal position 
close to the body. In Sigmoid Display, the male, vibrating 
rapidly, swims in front of the female with his body bent in 
an S-shape and the dorsal and caudal fins expanded. After 
passing in front of the female, the male may turn and repeat 
the display. The dorsal fin is expanded even more than in 
Side Display so that the first few rays are curved anteriorly 
and the leading edge of the fin is convex (Fig. 4). This 
display is similar in form to the Frontal Sigmoid in Poecilia 
reticulata (Liley, 1966).
After Thrust or Copulation (see page 36), the male may 
perform a post-copulatory display, Jerks, in which he moves 
away from the female in a series of short rapid jumps. Jerks 
in P. latipinna males are probably homologous to those 
described for P. reticulata, P. picta, and P. vivipara (Liley, 
1966).
Contact Movements.— Contact Movements include Anal Nibbling, 
Thrust, and Copulation. Anal Nibbling is characterized by 
the male swimming to a position under the female so that his 
snout is near her anus and gonopore, both located immediately 
anterior to the anal fin. Although the dorsal fin is at 
least partly erect when the male begins moving, it is 
collapsed when he swims below the female. Usually neither 
the dorsal fin nor his dorsum touch her. The male may rapidly
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open and close its mouth and appear to be nipping the female 
in the urogenital region; he may even take her extruded 
feces in his mouth. If the male touches the female, it is 
usually with the upper lip, snout, or lower lip. Anal 
Nibbling is highly variable in amount of contact, occurrence 
of nibbling, and duration. Frequently, the male just swims 
below the female with his snout near her gonopore. The 
variation in response is probably a function of the intensity 
of the male's motivation and of the stimulus.
Thrust occurs when the male rotates the gonopodium 
forward and attempts to introduce it into the female's 
gonopore by a quick upward lunge of his body. The gonopodium 
is swung down and out to either side and then forward and up; 
simultaneously, the homolateral pelvic fin moves forward to 
serve as a support for the gonopodium which rests against 
its elongate second ray. The male rolls on the horizontal 
axis and curves his body in a C with his head higher than his 
tail; these movements bring his gonopodial region near the 
female's gonopore.
A Copulation is a Thrust in which the male achieves 
insemination. It is usually longer than a Thrust and is 
followed by Jerks. Even when Copulation is brief, the male 
may appear attached to the female, who need not be or remain 
stationary. Actual insertion of the gonopodium has been re­
ported in one other poeciliid genus, Xiphophorus (Clark 
et al., 1954).
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Since Thrust and Copulation are essentially the same 
behavior but only one results in insemination, sperm transfer 
tests (Clark et al., 1954) were conducted to determine if 
this behavior could be discriminated by the amount of 
gonopodial contact and the performance of Jerks. After 115 
bouts of behavior labeled Thrust, no sperm were found in the 
female's gonoduct; however, sperm were present after each 
of three Copulations. Baerends et al. (1955) found sperm 
in P. reticulata females after 23 of 30 Copulations 
but none after 197 Thrusts. In males of Xiphophorus 
maculatus, which also exhibit a post-copulatory Jerk-like 
display, 86 percent of behavior classed as Copulation 
resulted in insemination (Clark et al., 1954). These results 
show that Copulation and Thrust can be accurately distin­
guished.
Liley (1966) differentiated between Thrust and Attempted 
Copulation on the basis of the behavior immediately preceding 
it. This division is arbitrary and is not followed here 
since they are identical in form.
Gonopodial Swinging.— Liley (1966) and Clark and Aronson 
(1951) described Gonopodial Swinging which is associated with 
reproductive behavior in other poeciliids. It is basically 
a Thrust performed away from the female. In P. latipinna 
Gonopodial Swinging is an exaggerated Thrust; the curving of 
the body and gonopodial movement are prolonged, the fins are
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raised and the male appears to jerk himself into the final 
posture. Schlosberg et al. (1949), Clark and Aronson (1951),
and Clark et al. (1954) consider Gonopodial Swinging to be 
a reproductive behavior. However, Baerends et al. (19 55) 
and Liley (1966) consider it to be a comfort movement.
Since it is not performed near or in any consistent ori­
entation to the female, occurs in non-courtship situations, 
and is not closely associated with any courtship behavior, 
Gonopodial Swing is not regarded as a reproductive behavior 
in P. latipinna.
Female Reproductive Behavior.— Although no experimental 
analysis of female reproductive behavior was undertaken, the 
general pattern of behavior was observed. Most frequently 
the female simply swims away from a courting male. The 
female may avoid Thrusting by moving forward, dropping to 
the bottom of the tank, or rotating her urogenital area 
slightly away from the male. Although the female exhibits 
no distinct receptive posture, she may remain still during 
Thrust and facilitate Copulation. Females have been observed 
to approach males but usually one that is not courting.
In general, the female's role in courtship is probably 
as in other poeciliids: the female does not actively court
males but she is not completely passive either (Liley, 1966; 
Clark et al., 1954). To a large extent, the female's be­
havior determines whether or not Copulation occurs.
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Analysis of Male Reproductive Behavior 
Behavior Observed in the Laboratory. (Figs. 8, 9, and 10; 
Table 3).— The only significant differences in behavior 
between the male classes are the frequencies of Displays 
(Table 3). High males displayed frequently and were the 
only males to exhibit Sigmoid Displays during testing.
Reproductive ethograms (Figs. 8, 9, and 10) constructed 
for each class of male demonstrate the pattern and relation­
ships of behavior. Low Side Display and Side Display are 
combined in the ethograms. Sneaky males Orient to a female, 
Follow her if she is moving, and then Anal Nibble and 
Thrust at her (Fig. 8). Thrust is almost always preceded 
by Anal Nibbling. They are usually alternated and repeated 
several times (1-44 repetitions; x=3.2) with sequential 
Thrusts performed on opposite sides of the female. Sixty- 
three percent of the Sneaky males * reproductive behavior con­
sists of Anal Nibbling to Thrust and Thrust to Anal Nibbling. 
Since a male must Thrust to achieve intromission, the 
sequence Anal Nibbling to Thrust is the only one which leads 
to Copulation. Sneaky males' strategy is to find a female 
and attempt Copulation immediately; consequently they do not 
have any behavior that can be classified as true courtship 
(Heymer, 1977). They essentially do not Display.
Intermediate males Orient and Follow more than Sneaky 
males and they also Display, though not frequently (Fig. 9; 
Table 3). Anal Nibbling and Thrust are alternated and re-
Table 3 Reproductive Behaviors of Poecilia latipinna 
Males Expressed as Average Number per Male and 
Percent of Total Behaviors.
Behavior



















Orientation 144.6 15.7 109.0 15.7 103.8 12.3
Following 103.9 11.1 63.8 9.2 63.2 7.4
Anal Nibbling 292.2 31.7 275.8 39.6 361.9 43.0
Thrust 205.3 24.7 214.5 30.8 297.4 35.2
Low Side Display 37.8 4.4 2.8 0.4 0 0
Side Display 66.2 7.2 * 10.4 1.4 * 0.4 0.6
Sigmoid Display 18.4 1.5 0 0 0 0
Total 888.7 697.4 845.2
ANOVA; *p < 0.05
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Figure 8 Reproductive Ethogram for Sneaky Males. Width 
of lines is proportional to number of occurrences 
(1 mm-10 0).
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Figure 9 Reproductive Ethogram for Intermediate Males. 
Width of lines is proportional to number of 
occurrences (lmm=100).
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peated (1-105 repetitions; x=3.0) but their associations 
comprise only 53.9 percent of Intermediate males behavior.
High males (Fig. 10) Anal Nibble and Thrust less than 
other males (39.7 percent) and fewest times per sequence 
(1-18 repetitions; x=2.5). This drop in frequency is due 
to an increased number of Displays. Since they replace 
the only behaviors that can lead to Copulation, the Dis­
plays probably function to increase the male's mating 
success. Liley (1966) found that successful Copulations
Poecilia reticulata, P. picta, and P. parae were preceded 
only by Displays and stated that they play a crucial role 
in eliciting female receptivity.
The increased Orientations and Followings and fewer 
Anal Nibblings and Thrusts by Intermediate and High males 
suggest that these males are more discriminating; they spend 
more time finding a receptive female and less time trying 
to mate with nonreceptive ones than Sneaky males. McKay 
(1971) and Constants (1975) argued that the small, non­
discriminating males maintain sympatric congeneric gynogenes 
in Poeciliopsis lucida and P. occidentalis.
Field Observations.— Liley's (1966) conclusion that Displays 
increase a female's receptivity was substantiated by field 
observations of sailfin males. All behaviors seen in the 
laboratory also occurred in the field.
The Sigmoid Display became the predominant behavior in 
High males (Table 4) and was frequent in Intermediate males.
Figure 10. Reproductive Ethogram for High Males.
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Table 4 Reproductive Behaviors of High Males Observed 







Anal Nibbling 31.7 9.9
Thrust 24.7 3.4
Side Display 11.6 5.4
Sigmoid Display 1.5 45.5
Total Behaviors 7951 757
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Only two distinct patterns of reproductive behavior were 
observed in the field. Sneaky males did not display and 
small Intermediate males with little color rarely displayed. 
Larger, brightly colored Intermediate males and High males 
displayed frequently.
Behavior of Males Tested with a Dominant Male.— The fact that 
High and Intermediate males display less under laboratory 
conditions suggests that their behavior may be influenced 
by the social environment. The depression of behavior in 
males tested with a dominant male supports this hypothesis 
(Table 5}.
When placed in a dominant male’s tank, the pattern of 
behavior in High and Intermediate males became much like that 
in Sneaky males; the frequencies of Anal Nibbling and Thrust 
increased greatly and Displays essentially dropped out. 
Displays that did occur were usually at the beginning of a 
test before the experimental male encountered the resident. 
Afterwards the test males rarely raised their fins; they sat 
quietly either on the bottom, in a corner, or at the surface. 
Their locomotion was restricted by the resident’s attacks.
If a test male approached a female, he was quickly run off 
by the dominant. In other species of poeciliids, dominant 
males also keep subordinates away from females (Constantz, 
1975; McKay, 1971; Haskins et al., 1958). Although their 
behavior was not.recorded, the resident males displayed to 
females more when another male was present.
Table 5. Reproductive Behaviors of Poecilia latipinna 
Males Tested Singly and with Dominant Males. 
Behaviors reported as average number per male 
and percent of total.
Intermediate
High Male Male with Sneaky Male
High with Domi- Intermediate Dominant Sneaky with Domi-
Male nant Male Male Male Male nant Male
Behavior Freq. % Freq. % Freq. % Freq. % Freq. % Freq. %
Orientation 1304a 15.7 503a 17.4 1057^ 15.7 360b 8.9 1012° 12.3 365° 20.4
Following 891d 11.1 19 9d 6.9 589e 9.2 159e 3.9 589f 7.4 145f 8.1
Anal
Nibbling
2617g 31.7 1260g 43.6 2686 39 .6 1837 45.6 3539h 43.0 754h 42.2
Thrust 2070-1 24.7 879^ 30.4 2084 30.8 1659 41.1 2910k 35.2 494k 27.7
Low Side 
Display
356m 4.4 9m 0.3 29 0.4 1 0.02 0 0 0 0
Side
Display
583n 7.2 21n 0.7 90 1.4 2 0.05 5 0.6 2 0.1
Sigmoid
Display
130 1.5 0 0 0 0 0 0 0 0 0 0
Total 7951p 2871p 653 5r 4018r 8055s 1760s
ANOVA; Numbers with same superscript are significantly different from each other at 
P < 0.05.
54
High and Intermediate males stopped displaying immedi­
ately when placed in another male's tank; they probably had 
learned, though prior to testing, that their Displays would 
precipitate attacks by larger males.
Behavior of Testosterone Treated Males.— Although not 
statistically significant, three of the 10 testosterone 
treated Intermediate males performed Sigmoid Displays. Two 
of these three males had been observed before treatment and 
had not exhibited Sigmoid Displays. The overall behavior of 
treated males was depressed, probably because they were 
tested in the females' tank without a period of acclimati­
zation (Clark et al., 1954). Comparision of treated 
and untreated males revealed no change in testes weight or 
in the proportion of testes weight to body weight.
Summary of Male Reproductive Behavior.--In all three male 
classes, Orientation is the point for initiating court­
ship. Orientation probably does not serve a signal function 
since it may be performed outside the female's line of 
vision. Following serves to keep the male close to a 
female.
The most variable behaviors are the displays. Depending 
on their class, past experience, social environment, and 
perhaps their testosterone titre, males may or may not 
display.
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Since only Contact Movements can precede Copulations, 
they are performed by all male classes. Anal Nibbling is 
important in reproduction since it almost always precedes 
Thrust. Anal Nibbling's association with Thrust may also 
indicate that it has evolved into a display as a signal to 
the female.
Anal Nibbling and Thrust are the most frequent behaviors 
in all male classes in the laboratory. Even though Thrusts 
occur in large numbers, Copulations are rare probably be­
cause the female determines whether insemination occurs.
Only 10 Copulations, distributed among the classes, were 
observed in the laboratory experiments.
The remarkable aspect of P. latipinna courtship is that 
it may take several distinct forms. Constantz (1975) re­
ported a similar finding in the Gila topminnow, Poeciliopsis 
occidentalis.
Function and Relationships of the Sigmoid 
Display and Anal Nibbling
Sigmoid Display.— A Sigmoid Display similar to that in
Poecilia latipinna has been described for Xiphophorus
maculatus (Clark et al., 1954) and Poecilia reticulata (Liley,
1966) . In X. maculatus the male does not vibrate or swim
while displaying. P. reticulata males may display in front
of or beside the female, may swim forward and backward in
front of the female, and may erect or erect and spread the
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dorsal fin. The Sigmoid Display is probably homologous in 
these three species and may be related to Dart-Display in 
Poecilia parae and Orbit Display in P. picta (Liley, 1966). 
Low Side Display and Side Display have no counterparts in 
the other poeciliids studied and may represent weak forms 
of the Sigmoid.
Baerends et al. (1955) suggested that the Sigmoid Dis­
play may serve dual functions of attracting the female and 
of halting or "checking" her swimming to facilitate Copu­
lation. Liley (1966) stated that the Sigmoid Display serves 
a signal function to receptive females. Both interpretations 
are probably correct. Liley's work has demonstrated the 
display's signal function; one proximate result is certainly 
the slowing or stopping of the female.
Anal Nibbling.— Anal Nibbling also has counterparts among 
other poeciliids. Liley (1966) found no Anal Nibbling-like 
behavior in P. reticulata even though Baerends et al. (1955) 
describe Biting near the genital pore. P. picta males 
perform Butting behavior in which the male Butts the female's 
genital region vigorously with his snout without biting her. 
P. parae males exhibit Peering. They swim under the female 
and pause just behind her anal region. Nudging in P. vivi- 
para is quite similar to Anal Nibbling. The male Nudges the 
female's anogenital region with his upper lip and snout and 
he may vibrate against her. He does not, however, bite her.
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Clark et al. (1954) report that male swordtails, Xiphophorus 
helleri, Nibble the anogenital region of the female.
All these behaviors are closely associated with Thrust­
ing. In P. vivipara and P. picta, Butts/Nudges usually 
precede Thrusts and may alternate with them (Liley, 1966);
Anal Nibbling and Thrust have the same relationship in 
Poeciliopsis lucida (McKay, 1971), P. occidentalis (Constantz, 
1975), and Poecilia latipinna. Their qualitative similarity 
and association with Thrust indicate that these behaviors 
are probably homologous.
Anal Nibbling may have arisen from a behavior similar 
to Peering in a species with anal spots, darkly pigmented 
areas near the female's urogenital opening. In many Gambusia 
species these anal spots vary in size and intensity over the 
reproductive cycles. Dark, large spots are associated with 
the presence of mature eggs and faint, small spots are 
associated with the presence of developing embryos (Peden, 
1973). Peden found that males Thrust more at models with 
dark anal spots and that the pigment facilitated orientation 
for Thrusting. A behavior such as Peering would provide the 
male with a visual guide for Thrusting and could easily be 
modified into the other behaviors discussed above. In sup­
port of this hypothesis, Warburton et al. (1957) showed that 
Gambusia heterochir males nip the females in the region of 
their anal spots. P. latipinna females do not have anal 
spots.
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An alternate hypothesis for the origin of this behavior 
is that it arose as a method of detecting female pheromones, 
for either recognizing species or for determining a female's 
receptivity. The tendency of the male to open and close 
his mouth during this behavior may enhance chemoreception. 
This hypothesis is supported by Kadow (1954) who found that 
peak receptivity in P. reticulata females was associated 
with an increased number of secretory cells in the distal 
gonoduct. Brett (paper presented at annual meeting of the 
■American Society of Ichthyologists and Herpetologists,
1978) demonstrated that males of Poecilia chica courted 
postparturient females more frequently than pregnant ones and 
that this preference could be negated by blocking the 
female's gonopore. Liley (1966) reported that males of 
P. vivipara probably receive some chemical stimulus from the 
female during Nudging, and McKay (1971) concluded that these 
cues function in species recognition in Poeciliopsis lucida. 
Preliminary results show that Poecilia latipinna males do not 
Anal Nibble and Thrust as frequently at females with a cover­
ed gonopore.
These two hypotheses are not mutually exclusive. His­
torically, the behavior could have facilitated species 
recognition by chemoreception and recognition of receptive 
females by visual cues. Whatever their function, Peering, 
Biting, Butting, Nibbling, Nudging, and Anal Nibbling are 
closely related and their association with Thrust is probably 
phylogenetically old.
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Interspecific Comparisons of the Reproductive 
Behavior of Male Poeciliids
Quantitative analyses of male poeciliid reproductive 
behavior have been made for only a few species: Poeciliopsis
o. occidentalis (Constantz, 1975), P. lucida (McKay, 1971), 
Xiphophorus maculatus and X. helleri (Clark et al., 1954), 
Poecilia reticulata (Baerends et al., 1955), P. reticulata,
P. parae, P. picta, and P. vivipara (Liley, 1966) . Although 
there are species-specific differences, the similarities are 
much more striking. All species show three phases of 
behavior, Orientation, Display, and Contact Movements, except 
that Poecilia vivipara (Liley, 1966) and Poeciliopsis lucida 
(McKay, 1971) do not display.
Since internal fertilization is necessary in the 
poeciliids, Thrust is common to the above species. An Anal- 
Nibbling-like behavior is also present in all but X. mac­
ulatus and may be present in Poecilia reticulata (Baerends et 
al., 1955). Poeciliopsis lucida, P. occidentalis, Poecilia 
latipinna, and X. helleri males Anal Nibble; Poecilia picta 
males Butt; P. parae males Peer; P. vivipara males Nudge. 
Within each species this behavior precedes Thrust more often 
than any other behavior. They are probably all homologous.
A behavior similar in form to Sigmoid Display is also 
found in each species except Poecilia vivipara, Poeciliopsis 
occidentalis, and P. lucida. Poecilia parae males Dart 
Display (Liley, 1966), P. picta males Orbit Display (Liley, 
1966) , Xiphophorus maculatus and X. variatus males perform
S-curving (Clark et al-, 1954), and Poecilia latipinna and 
P. reticulata males Sigmoid Display. These behaviors are 
probably homologous. The function of the Displays is 
difficult to assess but is probably to increase female 
receptivity.
In summary, the poeciliid males studied show three 
phases of reproductive behavior: 1. Orientation Phase—
serves to bring the male and female close together, 2. 
Display Phase— the male's vigorous displays enhance his 
chance of mating, 3. Contact Movements— necessary for 
Copulation and probably aid in detection of visual or chemi­
cal cues from the female. Many behaviors are interspecifi- 
cally similar and probably homologous.
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DISCUSSION
The male classes in Poecilia latipinna populations can 
be defined by their morphology and reproductive behavior.
Each class is also characterized by its seasonal pattern of 
abundance. Sneaky males form the majority of mature males 
at all times of the year. Intermediate males are present 
all year in small numbers; High males are never abundant and 
occur in small numbers only at specific times of year. The 
large size, dominance status, specialized dorsal fin, and 
breeding color of High males increases their reproductive 
success (Gandolfi, 1971; McAllister, 1953; Constantz, 1975; 
McKay, 1971). If female sailfins are selective (Liley,
1966; Baerends et al., 1955; Clark et al., 1954) and large 
males restrict other males' access to females by aggressive 
behavior (Gandolfi, 1971; Haskins et al., 1958), the 
effective male breeding population v/ould be limited to 
High males. Even when they are not present, High males 
could still father broods due to female sperm storage.
Females can keep viable sperm from one insemination for three 
to four months, which is probably a long period of repro­
duction for female mollies (Krumholz, 1948; Hubbs, 1964). 
Consequently, small males probably have reduced reproductive 
success.
A male's size is determined by his age at maturity and 
growth rate; if growth rate is uniform, different ages of ma­
turation result in males of variable size. The class differ-
ences in age at maturity proposed below account not only 
for male size variation but also for male seasonality.
Turner (1941) and Krumholz (1948) both reported that males 
of Gambusia affinis mature at different ages even within the 
same brood. In a genetic analysis of color in Xiphophorus 
maculatus, Kallman and Schreibman (197 3) found that males 
with some color patterns consistently matured at a younger 
age than males with other colors. Their work demonstrated 
the presence of a sex-linked gene that determines when 
the gonadotrophic zone of the adenohypophysis becomes active
i.e., when the male matures. The gene Pe causes early 
maturation and P^ late maturation. Homozygous recessive, 
PePe, males matured at 10 to 16 weeks, homozygous dominants, 
P-**pl, at 36 to 44 weeks, and heterozygotes, PeP-*-, at 14 to 
26 weeks. Since the growth rates of these genotypes were 
equal, the major determinant of size at maturity was age at 
maturity. The P gene coupled with environmental control of 
the breeding cycle could result in one period of maturation 
per year for P̂ -pl males, two for pep^ males, and three to 
four for PePe males.
The similarity between these data and the seasonal 
fluctuations in classes of Poecilia latipinna males suggests 
that similar genetic processes may be operating. If such 
genetic control occurs, High males are probably dominant 
homozygotes, Intermediates heterozygotes, and Sneaky males 
homozygous recessives.
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The wide range in size and seasonal distribution of 
immature males supports this interpretation (Fig. 9). At 
the end of the breeding season, September and October 
(Grier, 1973), immature males of all sizes and, hypothe­
tically all genotypes, are present. Males of all classes 
mature during the winter so that by early spring few
immatures remain in the population and these tend to be
e l  1 1large, probably P P or P P genotypes. By June only 
immatures from the current breeding season are present. All 
homozygous recessives and some heterozygotes mature by fall. 
Homozygous dominants do not mature until v/inter or early 
spring. Immatures of all sizes are still present in Sep­
tember because of birth of young throughout the summer.
The fact that the male classes do not occur in expected 
numbers at all times is probably due to environmental factors 
and interactions between the classes. Due to environmental 
control of the breeding cycle (Grier, 1973; Hubbs, 1964), 
the synchronous recruitment of males of the same hypothetical 
genotype could produce the peaks of occurrence in each class. 
Krumholz (1963) found that male Gambusia manni die shortly 
after breeding. Any tendency for males that mature at the 
same time to die at the same time would accentuate these 
peaks. Male mollies like Gambusia affinis males are less 
able to tolerate environmental stresses than females (Krumholz, 
1948) . High males are most susceptible and Sneaky males least
64
susceptible to high water temperature and low dissolved 
oxygen. In late summer High males are absent from fresh­
water but present in saltwater probably because of the 
mediating effects of tidal influxes on dissolved oxygen and 
water temperature.
Generally, Sneaky males are least prevalent when High 
males are most abundant. The inverse relation between 
abundance of High and Sneaky males may reflect the former's 
competitive superiority for females. Sneaky males' mating 
success would be greatest when few large males are present.
In Xiphophorus the plasticity inherent in the P gene 
allows males to mature over a large range of time and si2e.
If age at maturity is the major determinant of size at 
maturity, male sizes in each class (genotype) should be 
positively skewed due to the positive correlation between 
size and mating success. However, in Poecilia latipinna 
male size forms a continuum both within and between classes.
Large variability in size at maturity also occurs in 
other poeciliid males. Borowsky (1973a, 1973b, 1978), working 
with Xiphophorus variatus, and Sohn (1977a, 1977b), working 
with X. maculatus and Gambusia manni, demonstrated that size 
at maturity is controlled by interactions of immature males 
with mature males. When male broodmates were housed together, 
the largest immature attained maturity first. This adult's 
presence suppressed maturation in the remaining immatures
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so they continued to grow. When an immature outgrew the 
adult, he became dominant and underwent sexual development. 
The larger size of successively maturing males that results 
in a broad spectrum of male sizes has been termed "leap-fish" 
(Pollack, 1977).
In X. variatus males size is positively correlated not 
only with age at maturity but also with amount of color 
(Borowsky, 1973b). When maturing, males began developing the 
species typical breeding color which intensified as long as 
the male was dominant. The earliest males to mature had the 
least color since they were subordinate to a large proportion 
of the adult male population. There is, however, a threshold 
effect; once a male has developed a certain amount of color, 
further intensification is not suppressed.
If the dorsal fin continues to grow until the male 
matures, larger males would have larger dorsal fins. Social 
control of maturation could, therefore, account for the 
variability in size, color, and the dorsal fin of Poecilia 
latipinna males. However, the leap-fish phenomenon cannot 
account for the marked seasonality of the male classes of 
Poecilia latipinna.
The genetic control of maturation age alone cannot 
adequately account for the wide range in sizes of mature P. 
latipinna males and the social control of maturation alone 
cannot account for the seasonality in male classes. Both
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size and seasonal variation can be explained by a system 
where leap-fish works within the constraints imposed by the 
genotype. Sohn (1977b) discovered such a system in 
Xiphophorus maculatus. The presence of a dominant male, 
of either the same or different genotype, delayed matu­
ration in immatures, though not indefinitely. Subordi­
nates eventually matured but not until the latest age 
possible for their genotype. However, maturation was not 
inhibited if a subordinate male achieved dominance before 
his earliest genetically determined age of maturity. One 
possible explanation for the variation in seasonal abundance 
and size at maturity in Poecilia latipinna may be the 
presence of sex-linked genes coding for age at maturity
and the social inhibition of maturation.
6 0Sneaky males, hypothetically P P , mature at an earlier 
age and a smaller size than heterozygotes. In Poecilia 
latipinna as in Xiphophorus maculatus (Kallman and 
Schreibman, 1973), genes for color may be linked to P1 so 
that Sneaky males have no breeding color. Intermediate males, 
the heterozygotes, mature before the homozygous dominant,
High males, and so are smaller. Presumably, the time of 
maturation within each genotype is influenced by the relative 
dominance status of the immature. . Hierarchical position also 
determines the amount of color each Intermediate and High
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male develops; this effect is probably mediated by testoster­
one (Kallman, 1970).
Borowsky (1973a, 1973) considered that the social control 
of maturity allows males to fit into the size spectrum at a 
point that maximizes their reproductive success. If a male 
is dominant, his chances of mating success are high and 
he matures as soon as possible. Subordinate males 
who have little chance of mating delay maturity and continue 
growing. Under these conditions, the social control of 
maturity would be maintained by sexual selection for the
dominant (larger) male.
Sohn (1977b) advanced another explanation. Growina
populations have a larger proportion of juveniles while de­
clining populations have few juveniles. If interactions with 
peers and adults determine maturation, juveniles will initi­
ate maturity as early as possible when most of their inter­
actions are with other juveniles. In a declining population 
most interactions will be with adults and large juveniles and 
maturity will be delayed. Sohn failed to explain why this 
system does not depend on sexual selection since, presumably, 
juveniles are maturing when their chances of mating are 
highest.
The model suggested above for control of size and color 
and, consequently, dominance status in Poecilia latipinna 
is probably maintained by sexual selection. However, se­
lection for these characters alone cannot account for the 
differences seen in reproductive behavior between the male 
classes or for the maintenance of Sneaky males.
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The variability of reproductive behavior in Poecilia 
latipinna males indicates that they optimize their repro­
ductive success by two very different strategies, a Display 
strategy and a Sneaky strategy. Large, dominant, brightly 
colored males frequently display to females. Although 
displays make the males more subject to predation (Haskins 
et al., 1958), they greatly increase the male's chances of 
inseminating females (McAllister, 195 8; McKay, 1971; 
Constantz, 19 75; Gandolfi, 1971). These males tend to occupy 
central areas of the habitat and, whether or not they are 
territorial (Hubbs, 1964; Baird, 1974), they chase smaller 
males away from females that are nearby.
Small, subordinate, drab males remain on the periphery 
from where they make short dashes after females. These males 
do not display and possess little if any breeding color. 
Bright colors and displays, which would be observed by other 
males as well as by females, would increase their chances of 
being chased away by a dominant male and decrease their 
chances of mating. Dominant males in other poeciliids 
tolerate or do not notice small drab males near females but 
drive brightly colored males away (McAllister, 1958; Moore 
and McKay, 1971). Sneaky males' reproductive behavior is 
characterized by repeated Thrusts, some of which probably 
result in sperm transfer; the more times a male Thrusts the 
greater his chances of successfully copulating.
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Obviously High males have adopted the Display strategy 
and Sneaky males the Sneaky strategy. Intermediate males 
may exhibit either strategy depending on their social 
environment. Theoretically, when few High males are in 
the population, large Intermediate males are dominant and 
optimize their reproductive success by displaying at the 
expense of greater predation. If many larger males occur, 
so that the Intermediates are subordinate, they adopt the 
Sneaky strategy.
Therefore, the three genotypes effectively act as two 
reproductive strategies, one with high investment and repro­
ductive potential and one with low investment and repro­
ductive potential. Gadgil (1972) has shown how selection 
can maintain such dimorphism. A male's success is determined 
not by his absolute investment (Fig. 11A) in terms of time 
and energy but by his investment relative to other males 
in the population. When investment is small, advantage can 
be accrued by investing a little bit more than other males, 
within limits (Fig. 11B). The most successful males are 
those with the most investment. However, investment in 
reproduction involves risks such as increased predation and 
the increased burden of large size or specialized structures. 
Consequently, survival tends to decrease with investment 
(Fig. 11B); Gadgil assumed that the decrease is monotonic. 
Fitness, or reproductive value, is the product of survivorship
Figure 11. Survival, Reproductive Success, and Fitness 
as a Function of Investment (from Gadgil, 
1972).
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and reproductive success (Pianka and Parker, 1975) . Figure 
11C, which is the product of the success and survival curves, 
shows two maxima. The lower maximum represents males whose 
low chance of mating is offset by their high survival rates. 
Males with high investment and high success have such low 
survival that their fitness is not greater than the non­
competitive males. When investment has increased to a point 
where further increments do not add to success and may even 
decrease it, the dimorphism is evolutionarily stable.
Sexual selection could act in a similar way in Poecilia 
latipinna males and would affect all genes influencing their 
reproductive strategies. These may well act as a supergene 
containing the P gene, sex-linked genes for color, and any
genetic controls of reproductive behaviors and the leap-
6  0  • fish phenomenon. P P genotypes represent the low maximum
and P^P^ homozygotes the upper maximum. Heterozygotes could 
be maintained in the population by selection for the homo­
zygotes. Their maintenance would not require any selective 
advantage; this does not negate the possibility of there 
being one. The variability in the heterozygotes, in their 
color, size, fin development, and reproductive behavior, would 
allow them to maximize their success in changing social 
environments,
If the P gene and social inhibition of maturation are 
shown to occur in Poecilia latipinna males, they will not
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entirely explain the actual onset of maturation. In X. 
maculatus the P gene simply imposes limits for age at maturi­
ty and, in naturally occurring populations, the social cues 
affecting age at maturity are much more complex than those 
studied so far in the laboratory. Factors directly determin­
ing this age likely include environmental ones as tempera­
ture, photoperiod, and food, as well as social cues.
In summary, male mollies, Poecilia latipinna, form 
distinct classes that can be distinguished by their morphology 
and the presence or absence of displays in their courtship.
The most important morphological characters are body size, 
dorsal fin size and position, caudal fin size, and color.
The dorsal and caudal fins continue to grow until the male 
matures. Generally, the larger the male the more breeding 
color he has.
Morphology and behavior of males are reflected in their 
reproductive strategies. High males with their large fins 
and body size and bright colors maximize their reproductive 
success by displaying to females. Small, drab Sneaky males 
attempt to mate without Displays which would attract the 
attention not only of females but also of larger males who 
would likely displace them. The strategy of Intermediate 
males varies depending on their size and social environment. 
When they are small, Intermediate males have little breeding 
color and tend not to display; when they are larger, they have 
more color and display frequently to females.
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